Natural Displacement of Pollution from the Great Lakes
Abstract A simplified mathematical model of a lake system indicates that, if the pollution of the Great Lakes -were discontinued, the natural flow through the lower Great Lakes would be sufficient to remove about 90 percent of the waste in about 20 years. On the other hand, hundreds of years would be required to displace the pollution froa Lake Michigan and Lake Superior.
Approximately
30,000,000 people dump their waste into and drink water from the Great Lakes. During the last few years, the rapidly increasing pollution has become a matter for serious concern. The water in the lower lakes has become offensive, and the cost to the public is tremendous for the increased amount of water treatment required, the loss of recreational use, and the decreased number of fish that are caught (1, 2). Multibillion-dollar programs are being proposed to decrease the pollution and to clean up the lake water (2). Many recent publications review the problem of contamination and eutrophication and methods for their control, but none have been found which present quantitative data on the effect of natural displacement by the flow of water through the lakes. To illustrate the time required for self-purging of the lakes, I have made a mathematical analysis of a simplified model of a lake system. The analysis is predicated upon three assumptions: (i) the precipitation on the lake just equals the evaporation; therefore, the flow rate (R) to and from the lake is the same; (ii) the concentration of pollutants in the streams entering the lake (C1) is constant; and (iii) the pollutants are added to the lake itself at a constant rate (Q) and are distributed so that their concentration (C9) is uniform throughout the volume (v) of the lake. the lake is 2.3 times the volume of water in the lake. The lower Great Lakes have a relatively high flow-to-volume ratio. The flow through Lake Erie is 0.38 volume per year (Table 1 ). The concentration of pollutants would, therefore, reach a nearly steady state in about 6 years if the rate of addition of pollutants to the lake were constant. (The concentration continues to increase largely because of the continuing increase in the rate at which pollutants are added to the lake.) If the addition of pollutants were completely discontinued, 90 percent of the waste would be carried from Erie in about 6 years.
Since the wastes from Lake Erie flow into Lake Ontario, no program for cleaning up Lake Ontario alone can be effective. Lake Ontario contains about four times as much water as Erie buit has only about 20 percent more flow rate. If the addition of pollutants to both lakes were discontinued, approximately 20 years of series flow would be required to remove 90 percent of the pollution from Ontario.
Because of the low flow ratio of the upper lakes, Lake Michigan would require about 100 years to deplete its contamination by 90 percent through natural flow; Lake Superior would require more than 500 years.
The mathematical relationship used in these estimates ignores many of the factors which influence the contamination of lakes. In actual lake systems, the flow of water through the lake is modified by wind and eddy currents, by the bypassing of bays, by channeling, by thermal stratification, by bot-tom topography, and the like. Also, the change in concentration of pollutants is buffered by precipitation and redissolution of materials in bottom sediments, and modified by bacterial action, photosynthesis, and many other factors, in addition to displacement. The assumption of homogeneous dispersal of the pollution in the lake, though physically unrealistic, is a compromise between a fast, purging displacement and a slow diffusion which is the controlling mechanism when there is channeling or stratification. The applicability of the mathematical relationship given above will, therefore, vary with the lake system. With the lower lakes, the model should apply fairly closely. The upper lakes, however, are deeper, and they are divided by underwater barriers that result in more horizontal and vertical stratification of essentially static water. Also, there is a distribution of intake water around their perimeter rather than from a single upper-lake source. The time for their recovery would likely be even longer than the hundreds of years calculated. Contamination of these upper lakes would, therefore, be a major disaster for which there is no apparent solution. 
